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Abstract

Background. Recurrent respiratory papillomatosis (RRP) in children remains a pressing
issue in pediatric otolaryngology, characterized by a chronic course, frequent relapses,
and the need for repeat surgical interventions. The aim of this study was to evaluate
whether the surgical technique used for primary removal of pediatric RRP—CO: laser,
microdebrider, or a combined approach—was associated with clinically documented re-
currence and early recurrence within 12 months. Materials and Methods. A retrospective
study of 53 medical records of children who underwent their first surgery for RRP be-
tween 2019 and 2023 was conducted. Three surgical approaches were used: CO: laser,
microdebrider, and a combined method. Statistical analysis was performed using Pear-
son’s x?2 test, and the strength of association was evaluated with Cramér’s V. Results. The
most frequently used method was the CO2 laser (n = 25), followed by a microdebrider (n
=16), and a combined method (n = 12). During the observation period, disease recurrence
was recorded in 35 of 53 patients (66.0%): in 20 children, within the first 12 months after
surgery, and in 15, after more than 12 months. No recurrence was documented in the
available medical records for 18 patients during the observation period. No statistically
significant effect of the surgical treatment method on the recurrence rate (p = 0.813) or the
risk of early recurrence (p = 0.926) was found. Also, no significant association was found
between the child’s age and either the overall recurrence rate (p = 0.510) or the likelihood
of early recurrence (p = 0.217). Conclusions. Within the limitations of this retrospective
single-center study, neither the surgical treatment method nor the patient’s age was asso-
ciated with clinically documented recurrence or early recurrence recorded in the available
medical records.

Keywords: laryngeal papillomatosis; recurrent respiratory papillomatosis; children; CO:
laser; microdebrider
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1. Introduction

Recurrent respiratory papillomatosis (RRP) is a chronic disease associated with hu-
man papillomavirus (HPV), primarily types 6 and 11. It is characterized by the formation
of papillomatous growths in the respiratory tract, mostly in the larynx [1-3]. This pathol-
ogy is of particular importance in pediatric practice, as even limited papilloma growth in
children can lead to airway obstruction due to the anatomical narrowness of the larynx.
Clinically, the disease can present with hoarseness, dysphonia, stridor, and difficulty
breathing, and in severe cases, may require urgent airway management or even trache-
ostomy [1,4].

The juvenile form of RRP is typically diagnosed in early childhood and often has a
recurrent course. An earlier age at disease onset is associated with a more aggressive clin-
ical course, more frequent surgical interventions, shorter intervals between surgeries, and
potential dissemination to the lower respiratory tract [3,5,6,7-9]. Therefore, recurrence af-
ter primary surgical treatment is one of the most significant clinical outcomes for both the
physician and the patient and their family.

Currently, there is no standardized drug therapy for the curative treatment of RRP
in children. Various adjuvant approaches have been described in the literature, including
bevacizumab, cidofovir, interferon-a, HPV vaccination, and new immunotherapeutic
strategies [10-14]. However, these methods are generally considered adjunctive or dis-
ease-modifying rather than a complete alternative to surgical treatment. Therefore, surgi-
cal removal of papillomas remains the primary treatment for children with RRP [5,12-14].

Among the most common surgical methods for treating RRP are CO2 laser ablation
and microdebrider-assisted papilloma removal [12-15,16-18]. These approaches differ not
only in their technical execution but also in their mechanism of action on tissue. The CO:
laser provides highly precise thermal ablation of pathological tissue and good intraoper-
ative hemostasis; however, its use may be associated with the risk of thermal damage to
the surrounding mucosa, scarring, adhesion formation, or laryngeal membrane rupture.
A microdebrider, in contrast, mechanically removes papillomatous tissue with simultane-
ous aspiration, which can improve visualization of the surgical field, shorten the duration
of the procedure, and reduce thermal impact on surrounding tissue [16,17].

Despite the widespread use of both methods, the question of whether the choice of
surgical technique during initial intervention influences the subsequent course of the dis-
ease remains poorly understood. In real-world clinical practice, the choice between a CO2
laser, a microdebrider, or a combined approach is often determined by the facility’s equip-
ment, the surgeon’s experience, the extent of the lesion, and local clinical preferences.
However, from a long-term patient management perspective, not only the technical con-
venience of the method is key, but also its potential relationship with the rate of subse-
quent recurrences.

Most published studies focus on technical and perioperative parameters: surgical du-
ration, severity of bleeding, quality of visualization of the surgical field, postoperative
edema, and safety of the procedure [12-14,16,17,19]. These parameters are certainly im-
portant, but they do not fully reflect the chronic and recurrent nature of RRP. For children
and their families, the most significant issues remain the recurrence of upper airway pap-
illomas, the timing of recurrence, and the need for repeat surgical treatment.

Given this, a direct comparison of the most commonly used surgical techniques is of
practical interest. The aim of this study was to evaluate the association between the surgi-
cal technique used for primary removal of RRP of upper airways in children—CO: laser,
microdebrider, or a combined approach—and clinically documented recurrence, includ-
ing early recurrence within 12 months, based on available medical records.

2. Related Work
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CO:z laser ablation and microdebrider-assisted papilloma removal have been de-
scribed in the literature as some of the main surgical approaches for the treatment of re-
current respiratory papillomatosis, including the juvenile form of the disease [13-14,16—
18]. Both methods aim to reduce the volume of papillomatous tissue and restore airway
patency, but differ in their mode of action, technical capabilities, and potential impact on
laryngeal tissue.

The CO:z laser is traditionally used in laryngeal surgery due to its high precision and
the ability to control bleeding in a limited surgical field. However, the use of thermal en-
ergy is associated with the risk of damage to the surrounding mucosa, scarring, adhesions,
and laryngeal membranes [12,17]. These complications are particularly significant in pe-
diatric practice, as even mild airway narrowing in a child can have significant clinical con-
sequences.

A microdebrider is another widely used method for surgical removal of papillomas.
It provides mechanical tissue resection with simultaneous aspiration, which can improve
visibility of the surgical field and reduce the duration of the procedure. Several studies
have noted that a microdebrider can be particularly useful for removing large papilloma-
tous growths and may be associated with less postoperative swelling compared to ther-
mal-based methods [16,17]. However, it remains unclear whether these technical ad-
vantages translate into better recurrence control.

Comparative data on the efficacy of the CO:z laser and the microdebrider remain lim-
ited and inconsistent. A study by Rashid et al. demonstrated certain advantages of a mi-
crodebrider in the treatment of juvenile RRP [16]. At the same time, systematic reviews
and other publications highlight significant variability in the available data: studies differ
in patient age, disease severity, prior treatment history, follow-up duration, use of adju-
vant therapy, and endpoint definitions [12-14,17]. This complicates drawing a definitive
conclusion about the superiority of any single method for recurrence prevention.

A separate problem is that many studies primarily evaluate perioperative parameters,
while recurrence after primary intervention is less frequently considered. Surgical dura-
tion, bleeding, imaging, and the severity of postoperative edema are important for as-
sessing the safety and technical efficacy of a method, but they do not fully address the key
clinical question: whether a child will experience papilloma regrowth, and if so, when will
it occur?

Other surgical techniques, including coblation, are also discussed in the literature.
Recent pediatric data suggest comparable efficacy and safety between coblation and mi-
crodebriders; however, convincing evidence of a clear advantage of coblation in reducing
recurrence rates has not yet been obtained [19]. Adjuvant and non-surgical strategies, in-
cluding bevacizumab, HPV vaccination, and immunotherapeutic approaches, are also be-
ing actively studied [10,11,20,21]. However, in most cases, they are considered adjunctive
disease control methods rather than a replacement for surgical removal of papillomas,
especially in pediatric practice.

Thus, a practical clinical question remains: is the surgical technique chosen for the
initial treatment of RRP in children associated with a subsequent risk of clinically docu-
mented recurrence? This study does not aim to introduce a new surgical technology. Its
significance lies in the comparison of three real-world approaches—CO: laser, microdeb-
rider, and a combined method —in a single-center pediatric cohort. Separate assessment
of overall clinically documented relapse and early relapse within 12 months allows us to
supplement the existing data and bring them closer to the conditions of everyday clinical
practice.

3. Materials and Methods
Study design. Retrospective case series with comparative groups.
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Study Population. The study analyzed the medical records of patients treated in Pedi-
atric Surgery Department No. 2 of the University Medical Center of the Corporate Fund
of Astana, Republic of Kazakhstan, from January 2019 to December 2023.

The study included pediatric patients with RRP who underwent first-time inpatient
surgical treatment for laryngeal papillomatosis. Papillomatous lesions were predomi-
nantly localized on the vocal folds, with possible extension to the supraglottic and sub-
glottic regions. All patients presented with clinical signs such as respiratory dysfunction
and voice changes.

Inclusion criteria: children under 18 years of age; newly diagnosed laryngeal and tra-
cheal papillomatosis; exclusion criteria: readmission; history of surgical treatment or any
medication; presence of an acute upper airway infection; other reasons of stenosis (tu-
mors, cicatricial stenosis).

The diagnosis was made based on clinical presentation and endoscopic fibrolaryn-
goscopy, and confirmed by histopathological examination.

Surgical treatment methods. Papillomatosis was treated using three main surgical
approaches: CO: laser vaporization or ablation, mechanical resection with a microdeb-
rider, and a combination of both techniques. The choice of surgical method was deter-
mined by the availability of medical equipment at the time of the patient’s hospitalization.
Direct surgical laryngoscopes for microscopic laryngeal surgery, an operating microscope
and endoscope, and a microdebrider system were used during the surgeries (Figure 1).

Figure 1. Appearance of the CO: surgical laser system AcuPulse (a) and the Straightshot® M4 mi-

crodebrider (b), used for endolaryngeal removal of papillomatosis.

Information on the technical equipment of the operating units in clinics performing
pediatric laryngeal surgery is presented in Table 1.

Table 1. Technical equipment of the CF “University Medical Center” for surgical treatment of
RRP.

Country/Manu-

Equipment/Tool Model/Brand facturer Application Notes

Visual to th

Direct surgical laryngoscope Karl Storz Germany 1sua 12(;;185 R laryngoscopic surgery

. . . Carrying out the op- .

. . Zeiss surgical Carl Zeiss, Ger- . s Enlargement of laryngeal tis-
Surgical microscope . eration with high
microscope many .. sue
precision
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ntr nu-
Equipment/Tool Model/Brand Country/Manu Application Notes
facturer
Straightshot®
. . . . Mechanical removal Used in conjunction with the
Microdebrider M4 Microdeb- Medtronic, USA . . ) .
. of papillomas Skimmer Tricut blades
rider
> surgical la-
Oz surgical la . . . High power laser, minimal
ser system Ac- Lumenis Ltd., Is- Ablation (vaporiza- . .
CO:z laser . . . bleeding, minimal damage to
uPulse Series rael tion) of papillomas N
S16 surrounding tissues

Patients

female

Recurrence was assessed retrospectively using medical records from our center. Re-
peat presentation was usually initiated by patients or their caregivers because of symp-
toms such as breathing difficulty, voice changes, or hoarseness. These symptoms served
as indications for repeat laryngeal endoscopy and hospitalization. Early recurrence was
defined as recurrence documented within 12 months after surgery. Telephone follow-up
was not performed. Patients who did not return to our center were classified as having no
documented recurrence in our records, but not necessarily as recurrence-free.

Statistical analysis. Statistical data processing was performed using categorical varia-
ble analysis methods. All qualitative indicators are presented as absolute values and pro-
portions—n (%). The Pearson chi-square (x?) test was used to assess the association be-
tween surgical treatment method and recurrence. This same test was used to analyze the
impact of surgical method on the development of early recurrence, as well as to assess the
relationship between the child’s age, recurrence rate, and the risk of early recurrence. The
Cramér’s V coefficient was calculated to determine the strength of the association. Differ-
ences were considered statistically significant at p < 0.05.

4. Results

Population characteristics. Between 2019 and 2023, the medical records of 53 patients
with laryngeal papillomatosis who underwent inpatient surgery for the first time were
analyzed. The age and sex distribution of the patients is shown in Figure 2.

patients

11-14y QR <12 months

7-10y

male

Figure 2. Distribution of pediatric patients with RRP by sex and age (%).

Age groups were determined in accordance with WHO recommendations: up to 12
months—6 patients (11.4%); 1-3 years (early childhood)—22 patients (41.5%); 4-6 years
(preschool age)—15 patients (28.3%); 7-10 years (primary school age)—5 patients (9.4%);
11-14 years (adolescence)—5 patients (9.4%); and 15-18 years—no patients were regis-
tered [17,18]. Due to the limited sample size and the small number of observations in sev-
eral age categories, these groups were subsequently consolidated into three broader cate-
gories for the statistical analysis.

Results of surgical treatment. The most frequently used method was the CO2 laser (1 =
25), followed by a microdebrider (1 = 16) and a combined method (CO: + microdebrider,
n = 12). Detailed information on the annual distribution of children from different age
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groups by three types of surgery during 2019-2023 is provided in Appendix A and Ap-
pendix B.

Data analysis showed that recurrence occurred after all three methods of laryngeal
papillomatosis removal (Table 2). Over the observation period, 35 of 53 patients (66.0%)
who underwent surgical treatment were readmitted to the department because of disease
recurrence. The number of patients who developed recurrence within the first year after
surgery was slightly higher than the number of those who relapsed more than 12 months
after surgery (20 vs. 15). Among children without recurrence, the largest proportion un-
derwent CO: laser surgery (44.4%). Likewise, among patients with recurrence, this
method was also the most common (48.5%).

Table 2. Distribution of patients by surgical treatment methods and recurrence rate.

Early Recur- Late Recurrence No docu-

Surgical Method Total P: tients rence (<12  (>12 months), n mented recur-
o) months), n (%) (%) rence, 1 (%)
Microdebrider 16 (30.2%) 6 (30%) 5(33.3%) 5 (27.8%)
CO: laser 25 (47.2%) 10 (50.0%) 7 (46.7%) 8 (44.4%)
CO2 + Microdebrider 12 (22.6%) 4 (20%) 3 (20.0%) 5 (27.8%)

Figure 3 presents endoscopic images of the larynx before surgery, after removal of
papillomatous lesions, and during subsequent disease recurrence in the CO: laser, micro-
debrider, and combined treatment groups. In all three groups, postoperative images con-
firmed successful removal of the pathological lesions and restoration of the glottic lumen.
Nevertheless, recurrence was observed following each of the studied methods, indicating
a persistent risk of papilloma regrowth irrespective of the surgical technique applied.

(b1)

(c1)

Microdebrider Combined

Figure 3. Representative endoscopic images obtained before surgery (al-a3), immediately after pap-
illoma removal (b1-b3), and at documented recurrence (c1-c3). Columns represent the CO; laser,

microdebrider, and combined-treatment groups, respectively.
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Statistical analyses. Statistical analysis revealed no significant association between the sur-
gical treatment method and the recurrence rate of LP (x?>=0.413; p = 0.813), or between the
surgical method and the risk of early recurrence within the first 12 months after surgery
(x2 = 0.154; p = 0.926). The effect size in both cases was minimal (Cramér’s V = 0.088 and
0.054, respectively), indicating the absence of a clinically significant effect of the surgical
method on these outcomes. No statistically significant association was found between the
child’s age (Table 3) and the development of recurrence (x2 = 1.35; df = 2; p = 0.510). No
significant effect of age on the risk of early recurrence within the first 12 months after
surgery was also found (x? = 3.05; df = 2; p = 0.217). The effect size in both cases was weak
(Cramér’s V = 0.16 and 0.24, respectively), indicating the absence of a significant effect of
age on these outcomes in the study sample.

Table 3. Distribution of patients by age group, surgical method, and recurrence outcome.

CO:La- CO:La- Microdeb- Microdeb- Microdeb- Com- Com-
CO:zLaser . . . . Com-
Age ser—Early ser—Late No Recur- rider— rider— riderNo bined—  bined— bined—No
Group Recur- Recur- Early Re- LateRe-  Recur- Early Re- Late Re-
rence Recurrence
rence rence currence  currence rence currence currence
<3y 3 4 5 4 3 4 2 1 2
4-6y 4 0 1 2 2 0 1 1 2
7-18y 2 2 2 0 0 1 1 1 1
Total 10 7 8 6 5 5 4 3 5

5. Discussion

This study analyzed the medical records of 53 children with RRP treated in the de-
partment and compared the effects of CO:z laser and microdebrider surgery on clinically
documented recurrence and early recurrence within 12 months.

Our analysis yielded several key findings. No statistically significant association was
identified between the choice of surgical method and the recurrence rate (p = 0.813), or
between the surgical method and the rate of early recurrence within 12 months after treat-
ment (p = 0.926). In addition, patient age was not associated with recurrence regardless of
the type of intervention used (p = 0.510). Most of the children included in the study were
aged 1-6 years, and this age group accounted for 82.9% of all children who experienced
recurrence. Although most recurrences were observed in younger children, no statistically
significant association between age and recurrence was identified in our sample

Our findings are consistent with previously published studies in which COz laser and
microdebrider techniques are regarded as the main modern surgical approaches for the
treatment of RRP. In particular, the study by [16] reported no statistically significant dif-
ferences in recurrence rates between these methods. Likewise, Torres-Canchala et al. [11]
did not demonstrate any significant long-term advantage of either approach in reducing
the risk of disease recurrence. Derkay et al. [22] showed that the use of a microdebrider
reduces operative time and intraoperative blood loss, but does not significantly affect re-
currence rates. Similarly, Afridi et al. [23] noted that adjuvant therapy, when used alone,
is not superior to surgical treatment in terms of effectiveness and may, in some cases, even
negatively affect outcomes. Despite the range of proposed adjuvant therapeutic ap-
proaches, their clinical efficacy remains variable, and no unified treatment strategy has
yet been established [5].

It should also be noted that, unlike our study, a number of published works have
evaluated other surgical technologies, including coblation. One of the advantages of this
method is its ability to perform ablation, coagulation, aspiration, and irrigation simulta-
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neously using a single instrument, which may reduce blood loss and improve visualiza-
tion of the surgical field. However, Donne et al. [24] and McNally et al. [25] found no
statistically significant differences between coblation and microdebrider use in the inter-
val between repeat surgeries, suggesting comparable recurrence rates.

In recent years, interest in immunotherapeutic approaches targeting key pathoge-
netic mechanisms of RRP has increased considerably. New immunotherapies are cur-
rently under development that may enhance the cellular immune response against HPV
types 6 and 11. For example, clinical trials of INO-3107 demonstrated enhancement of the
specific CD4 and CD8 T-cell response against HPV, which may help reduce the need for
repeat surgery [25]. Similar findings were reported in a study of the gene therapy PRGN-
2012 [19]. One of the most promising directions is the development of the innovative gene
therapy drug Papzimeos, which targets HPV 6 and 11. This drug is considered the first
potentially etiotropic approach capable of reducing patients’ dependence on repeated sur-
gical interventions and providing long-term remission in some cases [23].

Age also appears to play an important role in the course of the disease. According to
Oh et al. [6] and Lepine P et al. [20], early disease onset, particularly before the age of 5
years, is associated with a more aggressive clinical course. A similar view is reflected in
the Chinese clinical guidelines, which note that early manifestation of the disease is often
accompanied by frequent recurrences and a high number of repeat surgeries [21].

At present, HPV vaccination is considered an important component in the prevention
of recurrent respiratory papillomatosis. Research findings indicate that in countries with
high vaccination coverage, particularly Australia, the incidence of RRP has significantly
decreased [13]. Systematic reviews also confirm that vaccination contributes to reducing
mother-to-child transmission of the virus and lowers the risk of disease development [25].
However, vaccination does not provide a complete cure and is currently regarded primar-
ily as a preventive strategy [14]. Some studies also suggest that it may help attenuate the
course of the disease [25].

Currently, there is no approved standardized medical treatment for RRP. This con-
firms that surgical treatment remains predominantly symptomatic in most cases and does
not completely prevent recurrence.

Several limitations must be considered when interpreting the results of this study.
First, the study had a retrospective design and was based on a review of available medical
records. The relatively small sample size may also have reduced the statistical power of
the study and limited the ability to detect significant differences between groups.

An important limitation is the method used to assess recurrence. Recurrence was de-
termined solely based on patient return visits to our center, repeat endoscopy, and subse-
quent histological verification. Telephone follow-up was not conducted, and data from
other medical institutions were unavailable. Therefore, patients who did not return to our
center during the observation period were classified as having no documented recurrence
in our medical records. However, this does not completely exclude the possibility of re-
currence diagnosed or treated at another institution. Therefore, our results reflect the fre-
quency of clinically documented recurrences at our center, rather than the absolute recur-
rence rate in the study population.

Furthermore, postoperative complications and adverse events were not systemati-
cally assessed when collecting data from patient records. Therefore, a reliable comparison
of the safety profile between the CO: laser, microdebrider, and the combined method was
not possible in this study. Uneven distribution of patients by age group and surgical treat-
ment method may also have influenced the results of the subgroup analysis. The choice
of surgical technique depended on equipment availability, clinical situation, and institu-
tional practice, which could have introduced selection bias.
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Bioengineering 2026, 13, 713

9 of 12

Also, this study did not thoroughly analyze several potentially significant clinical
factors, including disease severity, anatomical extent of papillomatous lesions, HPV type,
postoperative follow-up, and the use of adjuvant therapy. Given that a change in surgical
instrumentation alone may not have a significant impact on the risk of recurrence in RRP,
future studies should consider not only the choice of surgical technique but also combined
treatment strategies, including adjuvant approaches such as bevacizumab, HPV vaccina-
tion, and other modern methods aimed at reducing the rate of reoperations.

Thus, the data obtained should be considered the results of a single-center retrospec-
tive study reflecting real-world clinical practice but have limited external validity. Larger
prospective studies with long-term follow-up, standardized assessment of recurrence,
complications, and clinical severity are needed to more accurately assess the impact of
surgical technique and adjuvant therapy on the course of RRP in children.

6. Conclusions

In the present study, no statistically significant association was found between sur-
gical treatment method and RRP recurrence in children (x? = 0.413; df = 2; p = 0.813; Cra-
mér’s V = 0.088) or the risk of early recurrence within the first 12 months after surgery (x2
=0.154; df =2; p = 0.926; Cramér’s V = 0.054). In addition, the child’s age did not demon-
strate a significant association with either the overall recurrence rate (x>=1.35; df =2; p =
0.510; Cramér’s V = 0.16) or the likelihood of early recurrence (x? = 3.05; df = 2; p = 0.217;
Cramér’s V =0.24). Thus, within the study sample, neither surgical treatment method nor
patient age were associated with the outcomes studied. However, the results obtained
should be interpreted with caution due to the limited sample size and small subgroup
sizes, requiring further research on larger samples.
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Appendix A

Table Al. Distribution of patients by age group and surgical treatment methods (2019-2023).

. <12 12
Surgical months months—3 4-6yn 7-10yn 11-14yn 15-18yn

Method n ) yn% (%) (%) (%) (%)

2019 CO: laser 00%) 1(19%) 0@0%) 2(3.8%) 3(5.7%) 0(0%)

Microdebrider 0 (0%) 0(0%) 1(1.9%) 0(0%) 0(0%) 0 (0%)
Combined

(CO2+Micro- 0 (0%) 00%) 1(19%) 1(1.9%) 0 (0%) 0 (0%)
debrider)

2020 CO: laser 2(3.8%) 4(75%) 5(9.4%) 0(0%) 1(1.9%) 0(0%)

Microdebrider 0(0%) 1(1.9%) 0(0%) 0(0%) 0(0%) 0 (0%)
Combined

(CO2 +Micro- 1(1.9%) 0(0%) 1(1.9%) 0(@0%) 0(0%) 0 (0%)
debrider)

2021 CO: laser 0(0%) 2(3.8%) 2(3.8%) 0(0%) 0(0%) 0 (0%)

Microdebrider 0(0%) 1(1.9%) 1(1.9%) 0(0%) 0 (0%) 0 (0%)
Combined

(CO2+Micro- 0(0%) 2(3.8%) 1(1.9%) 0(0%) 0(0%) 0 (0%)
debrider)

2022 CO: laser 00%) 2(B3.8%) 00% 0(0%) 0(0%) 0 (0%)

Microdebrider 1(1.9%) 5(9.4%) 0(0%) 0(0%) 1(1.9%) 0 (0%)
Combined

(CO2+Micro- 0(0%) 1(19%) 1(1.9%) 0(0%) 0(0%) 0 (0%)
debrider)

2023 CO: laser 0(0%) 1(1.9%) 0(0%) 0(0%) 0(0%) 0 (0%)

Microdebrider 1(1.9%) 2(3.8%) 2(3.8%) 0(0%) 0 (0%) 0 (0%)

Year

Combined
(CO2+Micro- 1(1.9%) 0(0%) 0(0%) 2(3.8%) 0(0%) 0 (0%)
debrider)
Total 6 22 (41.5%) 15 5(9.4%) 509.4%) 0(0%)
(11.3%) (28.3%)
Appendix B

Table A2. Patient distribution by age group and outcomes after surgical treatment.

Micro- .
€0:La- = CO: La- CO:Laser deb- Ml.crodeb- Microdeb- Fom- Fom- Com-
Age ser—Early ser—Late . rider— . bined—  bined— _.
No Re-  rider— rider No bined —No
Group Recur- Recur- Late Re- Early Re- Late Re-
currence Early Re- Recurrence Recurrence
rence rence currence currence  currence
currence
12
m:nths 1(10.0%) 1(14.3%) 0(0.0%) 0(0.0%) 1(20.0%) 1(20.0%) 0(0.0%) 1(33.3%) 0(0.0%)
12-36
months 2(20.0%) 4(57.1%) 5(62.5%) 4(66.7%) 2(40.0%) 3(60.0%) 2(50.0%) 0(0.0%) 2 (40.0%)

4-6years 5(50.0%) 0(0%) 1(12.5%) 2(33.3%) 2(40.0%) 0(0.0%)  1(250%) 1(33.3%) 2 (40.0%)
7-10
years

1(10.0%) 0(0.0%) 1(12.5%) 0(0.0%) 0(0.0%)  0(0.0%)  1(250%) 1(33.3%) 1(20.0%)
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1y1e;1r§ 1(10.0%) 2(28.6%) 1(12.5%) 0(0.0%) 0(0.0%) 1(20.0%)  0(0.0%) 0(0.0%) 0 (0.0%)
1;;? 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%)  0(0.0%) 0(0.0%) 0(0.0%)

Total 10 (100%) 7 (100%) 8(100%) 6(100%) 5(100%) 5(100%) 4 (100%) 3 (100%) 5 (100%)

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Seedat, R.Y. Juvenile-Onset Recurrent Respiratory Papillomatosis Diagnosis and Management—A Developing Country Re-
view. Pediatr. Health Med. Ther. 2020, 11, 39-46. https://doi.org/10.2147/PHMT.S200186. PMID: 32099513; PMCID: PMC7007786.
Welschmeyer, A.; Berke, G.S. An updated review of the epidemiological factors associated with recurrent respiratory papillo-
matosis. Laryngoscope Investig. Otolaryngol. 2021, 6, 226-233. https://doi.org/10.1002/1i02.521.

Ivancic, R.; Igbal, H.; deSilva, B.; Pan, Q.; Matrka, L. Immunological tolerance of low-risk HPV in recurrent respiratory papillo-
matosis. Clin. Exp. Immunol. 2020, 199, 131-142. https://doi.org/10.1111/cei.13387.

Carifi, M.; Napolitano, D.; Morandi, M.; Dall'Olio, D. Recurrent respiratory papillomatosis: Current and future perspectives.
Ther. Clin. Risk Manag. 2015, 11, 731-738. https://doi.org/10.2147/TCRM.S81825.

Ovcinnikova, O.; Engelbrecht, K.; Verma, M.; Pandey, R.; Morais, E. A systematic literature review of the epidemiology, clinical,
economic and humanistic burden in recurrent respiratory papillomatosis. Respir. Res. 2024, 25, 430.
https://doi.org/10.1186/s12931-024-03057-w.

Oh, J.K; Choi, H.Y.; Han, M,; Jung, Y.S.; Lee, S.]J.; Ki, M. Estimated incidence of juvenile-onset recurrent respiratory papilloma-
tosis in Korea. Epidemiol. Health 2021, 43, €2021019. https://doi.org/10.4178/epih.e2021019.

Derkay, C.S; Wiatrak, B. Recurrent respiratory papillomatosis: A review. Laryngoscope 2008, 118, 1236-1247.
https://doi.org/10.1097/MLG.0b013e31816a7135.

Shah, K.V.; Stern, W.F.; Shah, F.K.; Bishai, D.; Kashima, H.K. Risk factors for juvenile onset recurrent respiratory papillomatosis.
Pediatr. Infect. Dis. ]. 1998, 17, 372-376. https://doi.org/10.1097/00006454-199805000-00005.

Amiling, R.; Meites, E.; Querec, T.D.; Stone, L.; Singh, V.; Unger, E.R; Derkay, C.S.; Markowitz, L.E. Juvenile-Onset Recurrent
Respiratory Papillomatosis in the United States, Epidemiology and HPV Types—2015-2020. . Pediatr. Infect. Dis. Soc. 2021, 10,
774-781. https://doi.org/10.1093/jpids/piab016. PMID: 34145881; PMCID: PMC8446313.

Sidell, D.R.; Balakrishnan, K.; Best, S.R.; Zur, K.; Buckingham, J.; De Alarcon, A.; Baroody, F.M.; Bock, ].M.; Boss, E.F.; Bower,
C.M.; et al. Systemic Bevacizumab for Treatment of Respiratory Papillomatosis: International Consensus Statement. Laryngo-
scope 2021, 131, E1941-E1949. https://doi.org/10.1002/lary.29343.

Torres-Canchala, L.; Cleves-Luna, D.; Arias-Valderrama, O.; Candelo, E.; Guerra, M.A.; Pachajoa, H.; Olaya, M. Systemic Bevaci-
zumab for Recurrent Respiratory Papillomatosis: A Scoping Review from 2009 to 2022. Children 2022, 10, 54.
https://doi.org/10.3390/children10010054.

McNally, G.; Mason, R.; Bateman, N. Recurrent respiratory papillomatosis in children: Coblation versus microdebrider. J. Lar-
yngol. Otol. 2025, 139, 834-837. https://doi.org/10.1017/50022215125102545.

Meites, E.; Stone, L.; Amiling, R.; Singh, V.; Unger, E.R.; Derkay, C.S.; Markowitz, L.E. Significant Declines in Juvenile-onset
Recurrent Respiratory Papillomatosis Following Human Papillomavirus (HPV) Vaccine Introduction in the United States. Clin.
Infect. Dis. 2021, 73, 885-890. https://doi.org/10.1093/cid/ciab171.

Park, I; Carbone, S.; Preciado, D. Systematic review of the use of human papillomavirus vaccine as adjuvant therapy for juve-
nile-onset  recurrent respiratory  papillomatosis. Int. | Pediatr.  Otorhinolaryngol. 2022, 162, 111314.
https://doi.org/10.1016/j.jjporl.2022.111314.

Sporeni, S.; Rifaldi, F.; Lanzetta, I.; Imarisio, I.; Montagna, B.; Serra, F.; Agustoni, F.; Pedrazzoli, P.; Benazzo, M.; Bertino, G.
Recurrent respiratory papillomatosis: Role of bevacizumab and HPV vaccination. A literature review with case presentations.
Radiol. Oncol. 2025, 59, 23-30. https://doi.org/10.2478/raon-2025-0010.

Rashid, M.; Saleem, H.; Karim, M.N.; Najam, A.; Abdullah, A.; Haneef, J. Role of CO2 Laser & Microdebrider in the Treatment
of Juvenile Onset Recurrent Respiratory Papillomatosis. JPMA. J. Pak. Med. Assoc. 2023, 73, 1370-1373.
https://doi.org/10.47391/JPMA.3959.

Liu, S.; Wang, J.; Shao, J. Safety of different surgical modalities for recurrent respiratory papillomatosis resection: A systematic
review and meta-analysis. Clin. Otolaryngol. 2023, 48, 403-413. https://doi.org/10.1111/coa.14023.

Murono, S.; Nakanishi, Y.; Tsuji, A.; Endo, K.; Kondo, S.; Wakisaka, N.; Yoshida, H.; Yoshizaki, T. Trends in the management
of recurrent respiratory papillomatosis in Japan. Auris Nasus Larynx 2015, 42, 218-220. https://doi.org/10.1016/j.an1.2014.10.006.

https://doi.org/10.3390/bioengineering13060713



Bioengineering 2026, 13, 713 12 of 12

19.

20.

21.

22.

23.

24.

25.

Norberg, S.M.; Valdez, J.; Napier, S.; Kenyon, M.; Ferraro, E.; Wheatley, M.; Parsons-Wandell, L.; Doran, S.L.; Lankford, A,;
Sabzevari, H.; et al. PRGN-2012 gene therapy in adults with recurrent respiratory papillomatosis: A pivotal phase 1/2 clinical
trial. The Lancet. Respir. Med. 2025, 13, 318-326. https://doi.org/10.1016/52213-2600(24)00368-0.

Lepine, C.; Leboulanger, N.; Badoual, C. Juvenile onset recurrent respiratory papillomatosis: What do we know in 2024? Tumour
Virus Res. 2024, 17, 200281. https://doi.org/10.1016/j.tvr.2024.200281.

Working Group of Chinese Guideline for the Diagnosis and Treatment of JORRP; Subspecialty Group of Pediatrics, Society of
Otorhinolaryngology Head and Neck Surgery, Chinese Medical Association; Editorial Board of Chinese Journal of Otorhino-
laryngology Head and Neck Surgery. Chinese guideline for the diagnosis and treatment of juvenile-onset recurrent respiratory
papillomatosis (2024). Pediatr. Investig. 2025, 9, 12-34. https://doi.org/10.1002/ped4.12464.

Derkay, C.S.; Bluher, A.E. Recurrent respiratory papillomatosis: Update 2018. Curr. Opin. Otolaryngol. Head Neck Surg. 2018, 26,
421-425. https://doi.org/10.1097/MOO.0000000000000490.

Afridi, H.; Qazi, K.; Rizvi, M.A,; Nasir, R.; Mahato, R.K. From surgery to immunotherapy: Papzimeos as the first FDA-approved
therapy for recurrent respiratory  papillomatosis (RRP). Ann. Med.  Surg. 2025, 87, 9071-9072.
https://doi.org/10.1097/MS9.0000000000004027.

Donne, A.].; Clarke, R. Recurrent respiratory papillomatosis: An uncommon but potentially devastating effect of human papil-
lomavirus in children. Int. J. STD AIDS 2010, 21, 381-385. https://doi.org/10.1258/ijsa.2010.010073.

Amin, M.R;; Belafsky, P.C.; Best, S.R.; Friedman, A.D.; Klein, A.M.; Lott, D.G.; Mau, T.; Paniello, R.C.; Pransky, S.M.; Saba, N.F.;
et al. DNA Immunotherapy (INO-3107) Results in Long-Term Surgery Reduction in RRP. Laryngoscope 2025, 135, 4287-4295.
https://doi.org/10.1002/lary.32416.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/bioengineering13060713



